We describe nanophotonic design approaches for broadband light management including i) crossed-trapezoidal Si structures ii) Si photonic crystal superlattices, and iii) tapered and inhomogeneous diameter III-V/Si nanowire arrays.
Trapezoidal Broadband Light Trapping Structures
We describe a computational and experimental effort to design polarizationindependent, angleinsensitive, broadband spectral response by direct coupling of incoming light to the resonant modes of subwavelength-scale nanoresonators incorporated into the active layer of thin film crystalline silicon solar cells.
Our prototype structure consists of a two-dimensional periodic array of micron-thickness thin film Si nanoresonators. A crossed trapezoidal-shaped Si absorbers is employed with a rectangular cross section in order to excite broadband Mie resonances across the visible spectra to facilitate broadband and polarization-independent light absorption. Full-field electromagnetic simulations were used to design parameters and maximize broadband absorption, with a >4x enhancement relative to planar equivalent Si films. The design featured in Fig. 1 uses trapezoidal Si resonators with 200 nm and 300 nm long bases, 150 nm height and periodicity of 600 nm. We have experimentally tested our predictions by optical absorption spectroscopy and spectral response photocurrent measurements in planar and nanoresonator-patterned 220 nm thick Sion-insulator (SOI) films. Nanoresonator patterned silicon thin film devices were fabricated on SOI wafers using electron beam lithography and reactive ion etching techniques after removal of the Si substrate. Angular-resolved reflection-transmission measurements were performed using an integrating sphere. Spectral response photocurrent measurements were made using a lateral Schottky and p-i-n photodiodes fabricated using photolithography techniques.
Thin Film Si Photonic Crystal Superlattices
We survey here several different superlattice photonic crystal based designs for 200nm thick c-Si solar cells, demonstrating that these structures have the ability to increase broadband absorption from λ = 300nm to 1100nm by more than 100% compared to a planar cell with an optimized anti-reflection coating. We show that adding superlattices into photonic crystals introduces new optical modes that contribute to enhanced absorption. The greatest improvements are obtained when combining a superlattice photonic crystal with a randomly textured dielectric coating that improves incoupling into the modes of the absorbing region. Finally, we show that our design methodology is also applicable to layers 1 to 4 microns in thickness, where absorbed currents competitive with conventional thick Si solar cells may be achieved.
Broadband Light Trapping in III-V Nanowire Arrays on Si
We will also describe design methods for achieving near-unity broadband light absorption in sparse nanowire arrays, illustrated by results for visible absorption in GaAs nanowires on Si substrates. Sparse (<5% fill fraction) nanowire arrays achieve near unity absorption at wire resonant wavelengths due to coupling into 'leaky' radial waveguide modes of individual wires and wire-wire scattering processes. From a detailed conceptual development of radial mode resonant absorption, we demonstrate two specific geometric design approaches to achieve near unity broadband light absorption in sparse nanowire arrays: (i) introducing multiple wire radii within a small unit cell array to increase the number of resonant wavelengths, yielding a 15% absorption enhancement relative to a uniform nanowire array and (ii) tapering of nanowires to introduce a continuum of diameters and thus resonant wavelengths excited within a single wire, yielding an 18% absorption enhancement over a uniform nanowire array.
